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The endothelium is both a target and barrier 
for HDL‘s anti-atherogenicity 

Intravascular
(blood stream) endothelium

Extravascular (Intima, 
interstitial space)

- Completion of    
reverse cholesterol    
transport

- Inhibition of 
LDL oxidation

- Inhibition of 
coagulation

- Inhibition of 
platelet aggregation

- Inhibition of 
leukocyte adhesion

- Stimulation of        
vasodilation

- Endothelial integrity 
by inhibiting apoptosis 
and promoting junction    
closure

- Endothelial repair by 
promoting proliferation,  
and migration of EC‘s 
& EPC differentiation

- Angiogenesis

- Inhibition of 
LDL-oxidation

- Stimulation of   
cholesterol efflux & 
initiation of reverse 
cholesterol transport

- Limitation of 
inflammatory 
macrophage 
responses
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Molecules and receptors 
mediating endothelial functions of HDL
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plus unknown mechanisms:
- Apoptosis inhibition by clusterin
- Apoptosis inhibition by plasmalogens
- … 



Anti-apoptotic activity of HDL is reduced in 
coronary artery disease and correlates with its content 

in plasmalogens and sphingosine-1-phosphates

93Sutter et al. Atherosclerosis 2015

Lipids

EC apoptosis
(fold increase of 
nucleosomes)

Spearman 
r

adj. P 
values

SM42:2 -0.49 0.019
PC33:3 -0.45 0.029

d18:1-S1P -0.43 0.035
PC34:2 -0.42 0.035
PC33:1 -0.40 0.036
PC35:1 -0.39 0.036
PC35:2 -0.39 0.036
PC37:6 -0.39 0.036
PC32:0 -0.38 0.036

d18:2-S1P -0.38 0.036

 Patients: 22 healthy subjects, 23 CAD and 22 ACS  
 Lipidomics of HDL: LC-MS/MS of 52 

(lyso)phosphatidylcholines (PCs), sphingomyelins 
(SMs), and sphingosine-1-phosphates (S1P) in HDL 

 Bioassay of HDL: HDL-mediated inhibition of 
apoptosis of human aortic endothelial cells (ECs) 
induced by serum deprivation



Plasmalogens (PC33:3, PC35:2) and anti-apoptotic 
activity of HDL are independently associated with CAD

93Sutter et al. Atherosclerosis 2015

 Patients: 22 healthy subjects, 23 CAD and 22 ACS  
 Lipidomics of HDL: LC-MS/MS of 52 phosphatidylcholines (PCs), lysophosphatidylcholines, 

sphingomyelins (SMs), and sphingosine-1-phosphates (S1P) in HDL 

Healthy
vs. CAD 

Healthy
vs. ACS 



Dose-dependent inhibition of endothelial cell apoptosis 
by native HDL or reconstituted HDL differing by the 
presence or absence of a plasmalogen

Sutter et al. Atherosclerosis 2015

HDL = native HDL
rHDL = reconstituted HDL with apoA-I and PC34:1* at a molar ratio of 1:100
rHDL+plasmalogen = rHDL with apoA-I, PC34:1, and PC35:2** at a molar ratio of 1:90:10

* = PC(16:0/18:1); ** = PC(18:0p/18:1) 



Complex structure-function-relationships of HDL

lipid-free
apoA-I

HDL

lipidome
(metabolome)

Proteome

miRNome

Improved cellular functions and survival

ekto-ATPaseSR-BI GPCRs ABC’s

transcriptomeGene
transcription

cholesterol efflux modifying
cellular lipid homeostasis

phosphoproteome/
kinome

second messengers



30 minutes stimulation of endothelial cells by HDL or lipid-free apoA-I (3 experiments each)
phospho-kinase membrane arrays from R&D systems covering 43 kinases

Number of phosphosites regulated by HDL and/or 
lipid-free ApoA-I in human aortic endothelial cells

4 4 4 22 3

N suppressed phosphosites N induced phosphosites

HDL HDLlipid-free
apoA-I

lipid-free
apoA-I

24 of 42 phosphosites regulated by neither HDL nor apoA-I



Even more complex structure-function-
relationships of dysfunctional HDL

lipid-free
apoA-I

second messengers

HDL

ekto-ATPaseSR-BI GPCRs ABC’s

Gene
transcription

Modified lipidome

Modified proteome

modified
miRNome? 

Cellular dysfunctions and impaired survival

cholesterol efflux modifying
cellular lipid homeostasis

altered
phosphoproteome/
kinome

altered
transcriptome

loss of functions

gain of function for 
receptor interactions
(e.g. TLR2, LOX1)
resulting in erroneous
signalling



Probabilistic graphical model integrating disease status 
with HDL function and HDL structure and response 

Disease status
(healthy, CHD, T2DM)

LipidsmicroRNAsComposition &
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of proteins

Apoptosis inhibitionNO production
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Randolph & Miller, J Clin Invest 2014

Reverse cholesterol transport involves 
cycling of HDL between intravascular 
and extravascular compartments



Transendothelial Transport of Apolipoprotein A-I 
and High Density Lipoproteins

Cavelier et al. Circ. Res.2006 
Rohrer et al. Circ. Res. 2009
Ohnsorg et al., J. Biol. Chem. 2011
Cavelier, Ohnsorg et al. ATVB 2012
Robert et al., ATVB 2013  


